Introduction
Managers are increasingly confronted with the task of creating innovative business models. Literature recognizes many challenges in the process of designing and innovating business models. Most commonly, managers lack an understanding of the business model concept itself and are easily overwhelmed by the task of generating and implementing new business model ideas (Chesbrough, 2010) . Given the inherently complex and dynamic nature of business models (Casadesus-Masanell and Ricart, 2010 ; These phenomena and questions fundamentally motivate current business model research as evidenced by a recent calls for future business model research by (Demil et al. 2015 (Demil et al. ):, 2015 Zott and Amit, 2013) , business model innovation (BMI) requires not only creativity, but also a "structure and guidance to frame and focus thought" ). Yet, compared to other innovation processes, managers lack appropriate tools to help them cope with these cognitive challenges when developing new business models (Frankenberger et al., 2013) . This observation seems to be surprising because of the plethora of visual representations proposed in the business model literature, thus suggesting a potential disconnect between these design artefacts and the cognitive challenges experienced by managers during BMI processes.
Visualization has been identified a key approach in designing and analyzing business models. Practical experience has shown that " [v] isual thinking is indispensable to working with business models" (Osterwalder and Pigneur, 2010) . Visualization can support firms in better understanding and communicating their current business models, generating and developing new business model ideas and overcoming organizational innovation barriers . Visual business model representations are artefacts that stimulate collaborative innovation (Eppler and Hoffmann, 2012) , reduce complexity (Doz and Kosonen, 2010) , uncover hidden structures within a business model (CasadesusMasanell and Ricart, 2007) , enable firms to communicate the business model effectively (Osterwalder, 2004) , and represent a tool for knowledge sharing (Doganova and Eyquem-Renault, 2009 ). Although there are a variety of approaches for the visual representation of business models, they rarely build on design principles developed in visualization research. Scholars that have studied the design and use of visual artefacts provide clear evidence that the choice for a specific visualization type has an important impact on the user's cognitive processes and mental models (Card et al., 1999; Eppler and Bresciani, 2013; Eppler and Platts, 2009; Hegarty, 2011; Hyerle, 2009; Tversky, 2011; Upton, 1961) . To draw an analogy, we can imagine a business model as an abstracted painting of a business. Paintings can either represent a specific view on an objective reality or represent the artist's impression. In the painting, the artist can highlight specific aspects of the real or imagined scenery through the selection and relative size of particular elements, the level of detail, or the colors of the picture. These artistic choices, influenced by the painter's purpose, artistic school, and the available tools and skills, will have a large impact on the perception of the represented scenery. Analogously, managers will develop and communicate different mental images of their businesses, depending on how they visually represent their business model (Eppler and Hoffmann, 2012 ).
The cognitive processes and mental models of a firm's decision maker shape the design of a firm's business model (Amit and Zott, 2015; Martins et al., 2015) . While different streams disagree upon whether the business model concept refers to something real (Amit and Zott, 2001; Casadesus-Masanell and Ricart, 2010) , or purely represents decision makers' cognitive models (Baden-Fuller and Mangematin, 2013; Baden-Fuller and Morgan, 2010) , researchers from both streams recognize the importance of managerial cognition in business model design and innovation (Aversa et al., 2015; Berends et al., 2016; Bucherer et al., 2012; Martins et al., 2015) .
Studying the link between visualization and cognition in BMI is challenging due to the specific nature of business model research. First, this research is spread over different research fields. Previous reviews of BM representations have been mostly limited to work in the area of information systems (IS), focusing on formal modelling approaches such as ontology design (Gordijn et al., 2005; Kundisch et al., 2012; Schuster and Motal, 2009 ). To overcome this limitation, our research takes a broad perspective on business model research that includes visual business model representations (VBMR) from different research domains, and those that are not based on formal notation. Second, the business model concept simultaneously developed outside the academic realm. In fact, the usage of the concept in practice has inspired early business model research (Mahadevan, 2000; Timmers, 1998) . While many business model scholars have developed artefacts to serve a practice-oriented purpose (Bucherer et al., 2012; Spieth et al., 2014) , the actual understanding and use of the business model concept by practitioners is rarely taken into account (George and Bock, 2011) . Because of this, we explore the use of visual BM representations outside the academic realm. A Google image search for "business model" reveals that practitioners use a variety of visual forms to represent business models. However, they rarely build on the artefacts developed in the academic literature. This phenomenon relates to the academic-practitioner divide discussed for decades in the area of management science (Lilien, 2011) . "The big problem with management science models is that managers practically never use them. There have been a few applications, of course, but the practice is a pallid picture of the promise" (Little, 1970, p. 466) . To increase the relevance of academic research on business models, it can be a rewarding exercise to include also visualizations from outside the academic realm in the study.
Our research aims to support managers in choosing appropriate visualizations for BMI and simultaneously advance the theoretical understanding of business models. Toward this aim, it first reviews the cognitive challenges faced during BMI. Subsequently, it identifies existing visualizations from academia and practice through a systematic search strategy. Next, it develops a literature-based framework that allows a structured analysis and classification of these visual representations. Rather than focusing on how existing approaches should converge, we attempt to identify broad categories of representations with similar characteristics that support specific cognitive processes. Hence, this approach aims at developing a more nuanced understanding about how visual representations can support BMI, thus contributing to the literature on effective design and usage of artefacts during innovation processes. Consequently, we address two major research questions: How can we categorize existing visual representations of business models? Which cognitive functions are supported by specific types of visual business model representations? By taking a visualization perspective, we advance the theoretical understanding of business models as we develop a framework that identifies three main business model views.
Related research
Before reviewing the visual business model representations (VBMR), this section begins with highlighting the potential value of visualization as artefacts for diverse managerial tasks. Subsequently, the dominant business model perspectives as well as the phases and tasks within the BMI process are reviewed.
Visualization in management
Visualization represents a type of language that communicates on a two or more dimensional space, while making use of diverse elements such as signs, arts, drawings, graphical designs, illustrations, or colors (Zhang, 2012) . Visualization research identifies the mechanisms that allow humans and computers to perceive, use, and communicate visual information (McCormick et al., 1987) . This field of research is located at the overlapping area between management studies, computer science, design, and psychology. It builds on insights from cognitive science into how visualizations influence cognitive processes (Larkin and Simon, 1987; Tversky, 2011) , and how these insights can lead to design principles for visualization (Hegarty, 2011) .
Visualization supports the cognitive processes of managers and augments the capacity of the human mind (Tversky, 2011) . First, it constitutes an external storage for information, thus freeing up the working memory for other thinking processes (Hegarty, 2011) . Second, it structures the information and spatially groups related bits of information together to enhance the representation of relationships (Larkin and Simon, 1987) .
Third, visualization is a means for overcoming an individual's cognitive overload through offloading the cognitive processes either on the individual's visual perception or haptic action. In other words, the cognitive load is reduced because the perceiver can additionally use his eyesight to process the information ("using vision to think"), or involves his haptic senses in the physical process of visualizing and experimenting with visualizations (Card et al., 1999) . Forth, visualization provides multiple retrieval paths for accessing knowledge (O'Donnell et al., 2002) .
Apart from the support of cognitive processes, visualizations are conducive to organizational communication and collaboration effectiveness (Eppler and Bresciani, 2013) . On the collective level, visualizations improve communication among working teams, between management and employees, and between the organization and its external stakeholders (Zhang, 2012) . The pure process of visualization can enhance the collaboration effectiveness of management teams by creating a common understanding of mental models, a physical space for experimentation, and a tangible outcome of the collaboration process (Eppler and Bresciani, 2013) . Visualizations further influence emotional processes by engaging employees and team members . While visualization has multiple benefits on collaboration, this research rather focuses on individual cognition.
The use of visualization techniques has a long tradition in management domains such as strategy, finance, or marketing (Zhang, 2012) . Managers use sketches, visual metaphors, or conceptual diagrams to support idea generation, decision making, planning, knowledge sharing and learning. Management scholars increasingly deal with questions regarding the different purposes of visualization in management (Eppler and Bresciani, 2013) , innovative forms to visualize information (Zhang, 2012) , or the role of visualization tools in collaboration between managers . With a few exceptions (Phaal et al., 2009 ), business literature rarely explores the effectiveness of the visual representations used by the corresponding community of researchers and practitioners.
Business models and business model innovation
Research on business models is a rapidly growing field that is still in search for a strong theoretical foundation. The business model concept can be broadly defined as an organization's abstracted logic of value creation, delivery, and capture (Teece, 2010) . Business model literature finds its roots in many wellestablished research branches such as strategic management (Amit and Zott, 2001 ), technology and innovation management (e.g., Chesbrough, 2007) , or information systems (e.g., Gordijn and Akkermans, 2001 ). The lack of common theoretical foundations has led to many different understandings of business models (Zott et al., 2011) . The literature has proposed different conceptualizations, reflecting an a priori disagreement of what a business model should actually represent (DaSilva and Trkman, 2013) . As a consequence, scholars have concluded that research on business models does not converge towards a common theoretical framework or underlying theory (Zott et al., 2011) , and therefore represents "a slippery construct to study" (Casadesus-Masanell and Zhu, 2013 ).
Business models have become subject to innovation themselves over the last years. Business model innovation has both been identified as a necessity and a key driver of firm success (Schneider and Spieth, 2013) . Among others, innovative business models enable firms to enhance strategic flexibility (Bock et al., 2012) , to respond appropriately to high environmental volatility (Pohle and Chapman, 2006; Zott and Amit, 2010) , to improve the firm's sustainability performance (Pedersen et al., 2016) and organizational resilience (Carayannis et al., 2015; Carayannis et al., 2014) , to achieve a competitive advantage (Chesbrough, 2010; Hamel, 2000; McGrath, 2010) , and to drive financial performance (Aspara et al., 2010; Chesbrough and Rosenbloom, 2002) . Some researchers argue that firms developing a highly innovative business model can create entirely new market areas (Chesbrough, 2010) or redefine the rules of competition (Kim and Mauborgne, 2014) . Consequently, firms can capture (at least temporarily) a Schumpeterian innovation rent in terms of higher willingness-to-pay and customer loyalty Amit, 2008, 2007) . Besides, firms that frequently innovate their business models are expected to create reinforcing effects on product, service and process innovation (Zott and Amit, 2008) . As such, many scholars emphasize the need for organizations to innovate their business model more frequently (Doz and Kosonen, 2010; Mitchell and Coles, 2003) .
To better understand the role of visual artefacts in the process of BMI, we need to explore the competing understandings about how firms develop and change their business models. The majority of BM research is rooted in an understanding of business models as something real, existing outside managers' cognition (Martins et al., 2015) . These scholars either consider business models as purposefully-designed systems (e.g., Amit and Zott, 2001; Casadesus-Masanell and Ricart, 2010; Amit, 2008, 2007) or as systems that emerge and change in an evolutionary manner (e.g., Demil and Lecocq, 2010; Sosna et al., 2010) . While scholars that understand business models as purposefully-designed systems focus on identifying principles, patterns, elements, or configurations of successful business models (e.g., Abdelkafi and Täuscher, 2016; Casadesus-Masanell and Ricart, 2011; Osterwalder and Pigneur, 2010; Pateli and Giaglis, 2004; Shafer et al., 2005) , scholars following the evolutionary view rather focus on the antecedents and organizational factors that foster or inhibit successful business models change over time (Berends et al., 2016; Chesbrough, 2010; McGrath, 2010; Suárez et al., 2013) . In the last years, however, some scholars have additionally conceptualized business models as cognitive artefacts (Baden-Fuller and Haefliger, 2013; Baden-Fuller and Mangematin, 2013; Baden-Fuller and Morgan, 2010; Massa and Tucci, 2014) . These scholars consider business models as cognitively constructed representations that exist in the heads of the organization's decision makers (Baden-Fuller and Haefliger, 2013) . Business Models are therefore conceptualized as reflections of cognitive structures (Doz and Kosonen, 2010) , managerial schemas (Martins et al., 2015) , or a cognitive instrument (Baden-Fuller and Mangematin, 2013) . As a consequence, related research aims at "explicating the cognitive logic and processes through which schemas can be changed to ideate and design new business models in the absence of exogenous change" (Martins et al., 2015, p. 100) . Acknowledging the existence of both streams, we believe that visual artefacts constitute an essential element to support the BMI process, independently of whether the BM designates a real system that operates in an objective world or a manager's mental representation that reflects a subjective model that is strongly related to the individual.
Cognitive barriers in the BMI process
Business model scholars started to identify cognitive barriers that inhibit BMI (Chesbrough, 2010; Chesbrough and Rosenbloom, 2002; Martins et al., 2015) . Table 1 provides an overview of the barriers in three distinctive phases of the BMI process. The BMI 4I-framework by Frankenberger et al. (2013) consists of four phases: initiation, ideation, integration, and implementation.
Because the barriers in the fourth phase (implementation) are mainly due to the inability of the organization to effectively coordinate innovation processes (Doganova and Eyquem-Renault, 2009 ), we only focus on the barriers that arise during the first three phases. 
Key innovation barrier(s)
Complexity of the business model concept
Overcoming dominant business logic
Integrating and aligning all pieces of the BM and sharing the knowledge across intraand inter-organizational boundaries
Selected cognitive abilities to overcome innovation barriers
Absorbing complexity, and (re)framing the design problem
Taking distance from and abstracting the dominant logic
Focusing attention on missing information and communicating one's thinking effectively to others
The initiation phase aims at analyzing the current business model and framing the innovation problem. The execution of this phase can be disrupted when managers are unable to frame the innovation problem in an effective way. Such type of barriers are generally acknowledged in the design thinking literature (Dorst, 2011) . Because of their systemic and complex nature (Pateli and Giaglis, 2004; Zott et al., 2011) , successful BMI initiation requires the cognitive absorption of this complexity .
The ideation phase aims at generating creative ideas for BMI. The successful generation of innovative ideas is inhibited, if the company cannot overcome the dominant logic of the existing business model (Chesbrough, 2010; Chesbrough and Rosenbloom, 2002) . The dominant logic, a concept from strategic management (Bettis and Prahalad, 2009; Prahalad and Bettis, 1986) , denotes the set of mental maps created in the minds of top managers due to successful events that happened in the past. These events can be related, for instance, to how the firm has so far created and captured value; in other words the business model. Once established, these mental maps shape the cognitive orientation and decisions in subsequent managerial challenges. Hence, the main cognitive challenge in ideation relates to thinking outside the dominant logic, commonly referred to as 'out of the box' (Frankenberger et al., 2013) . Managers can achieve this by abstracting or cognitively distancing themselves from the dominant logic (Doz and Kosonen, 2010) .
However, the quality of the ideation phase simultaneously depends on the appropriateness of the generated business model ideas. Thus, guiding 'out of the box' thinking within an appropriate solution space presents an additional cognitive challenge.
The integration phase equally requires tools that structure and guide thought Martins et al., 2015) . In this phase, managers transform the generated ideas into complete and consistent business models. The key barriers consist of the managers' inability to align all business model elements and share this knowledge with others (Frankenberger et al., 2013) . Hence, managers need to focus their thoughts on recognizing the missing information about parts of the business model as well as potential inconsistencies.
Furthermore, they need to be able to mentally represent this knowledge in a way that can be effectively shared with others . In summary, effective BMI requires the support of tools that help absorbing complexity, (re)framing the design problem, fostering 'out of the box' thinking, guiding thought and focusing attention, while allowing knowledge sharing with others.
Research Methodology

Selection of visual business model representations
Previous research has focused exclusively on comparing entire notations of formal BM representation systems (Kundisch et al., 2012) . This work focuses on visual representations of the business model as unit of analysis. We define visual business model representations (VBMR) as self-contained, purposefully designed, two-dimensional images that contain graphic and textual elements to convey information about a business model understanding or a specific business model. In other words, we do not consider visual representations of the BMI process, BM classifications, other creativity tools, or visualizations of a technique other than the BM itself.
We apply a twofold search strategy to identify a broad and diverse set of visual representations of business models. To identify BM representations within the academic literature, we apply a search strategy using the EBSCO Business Source Complete database as a starting point (as applied by Zott et al., 2011) . We search for publications in English that contain the term "business model" in the title and that are published after the year 1999. The EBSCO database allows one to limit the search to those sources that contain at least one image (e.g. graph, map, diagram). The search strategy leads to 275 sources that are complemented with articles identified within these sources and within previous literature reviews on business models (Morris et al., 2005; Zott et al., 2011; Schneider and Spieth, 2013; Spieth et al., 2014) . In the case of the four books included in the sample, we screen the content to identify the main type of VBMR. For instance, Osterwalder and Pigneur's book on business model design contains a number of VBMRs but emphasizes the Business Model Canvas as the main artefact. In this case, the business model canvas is included to the sample, while other visualizations found in the book are not. We then screen these preselected sources to limit the sample to those visualizations that broadly relate to business models, leading to a sample of 152 visualizations from academic publications. In only a few cases, a single source contains more than one BM representation.
The selected 152 images from the academic search then undergo a preliminary analysis. For this purpose, each image is printed on an individual sheet of paper. First, we screen all images to get a preliminary overview of the overall range of visualizations. Next, we exclude the images that represent process models or visualize tools for business model innovation (e.g. single business model patterns). We also eliminate representations of business model-related knowledge such as the graphic representation of business model design themes by Amit and Zott (2001) , graphic structuring of business model typologies (Timmers, 1998), or the visual distinction of the business model concept from related concepts such as strategy and operations (Osterwalder, 2004) . In these cases, we use the figure's description to decide, whether the image represents a BM or visualizes BM-related knowledge. Finally, we select one representative visualization from each source to reduce redundancies. For instance, Casadesus-Masanell and Ricart (2007) To identify a comparable sample of visualizations outside the academic realm, we apply a Google image search for the term "Business Model". While we acknowledge a potential bias from incorporating only publicly available images, we consider the search strategy as most viable for the purpose of this research.
We restrict our search to the first 1000 images shown in the search results. Based on these 1000 images, we conduct a preliminary selection, eliminating those images that are not representing visual representations of business model (e.g. image of book cover). The selection process results in 274 different images that are related to business models. Overall, the practitioner sample contains more than 30 versions of the Business Model Canvas by Osterwalder and Pigneur (2010) , thus only differing in their color or shape of lines. To provide a similar number of VBMRs in the practitioner sample compared to the academic sample, we eliminate redundant images and visualizations with low information content. At the end of the selection process, we retain 50 visualizations (figure 2).
Framework and analysis of VBMRs
The visualizations are analyzed in regard to two complementary dimensions: content and graphic form.
These two dimensions are in line with previous work in the field of strategy visualization (Eppler et al., 2009 ). The content dimension refers to the information that is visually conveyed through the use of symbols and other notational elements. Since a classification system for VBMRs does not exist yet, we propose a novel framework. The classification aims at distinguishing VBMRs based on their notational patterns instead of theoretical underpinnings or word choices. To do so, we arrange the printed visualizations on blackboards and collaboratively identify common patterns in their content. The process is repeated with additional BM researchers until we arrive at categories that can capture all VBMRs in the sample. We find that all identified VBMRs use representations that are based on elements, transactions between actors and/or causal relations. Finally, the co-authors independently assign each VBMR to one of the defined categories.
If this exercise leads to different assignments for a VBMR, the co-authors discuss and analyze the corresponding VBMR in-depth, until they settle for one category.
The second dimension refers to the graphic form of the visualization. While there are several frameworks that classify graphic forms, we select the influential framework proposed by Hyerle (2009) , based on the seminal work by Upton (1961) . This framework classifies graphical representations according to three categories: graphic organizers, brainstorming webs, and conceptual maps. This classification covers the full range of tools for thinking creatively, organizationally, and conceptually. Graphic organizers are generally characterized by their pre-defined form that allows arranging specific textual content. These graphic forms 
Analysis and results
This section first allocates the different visual representations to the identified classes that are derived from the analysis of contents. Subsequently, it assigns VBMRs to categories of graphic forms. In addition, we derive patterns within and between the two samples of visual representations by academics and practitioners.
Content of visual representations
The framework for the classification of the business model contents consists of an elements view, a transactional view and a causal view. Visualizations based on the elements view of business models visually convey a number of predefined elements. Usually, these representations require the user to fill out appropriate textual information that represents the firm's key business model choices with respect to each element (e.g. retailing as a potential option for the element Distribution Channel). Characteristically, those visualizations apply some form of verb-noun combinations. To decide whether an image belongs to this category, we ask the question: does the graphic visually reveal the specification of set of predefined elements? A VBMR is assigned to the elements view when it contains a specific specification of different business model elements, or if it represents a template to be filled out with such information.
Visualizations that rely on a transactional view of business models are characterized by the use of boxed objects -mostly representing actors -connected to each other by means of arrows. The arrows generally represent flows of cash or tangible resources between the different actors. In this case, we ask the question:
does the image reveal a system of transactions between different objects?
Visualizations based on the causal view of business models generally use arrows that connect different textual elements. Arrows generally represent a causal connection between the elements. Thus, we ask the question: does the visual representation reveal major causalities between the textual elements.
Since all three questions are answered independently, each visual representation can be assigned to more than one category. Figure 3 represents all three categories and the assigned visualizations. To improve readability of the figure, the names of the authors are provided if the visual representation is found in academic literature; numbers are used to refer to the graphical representations taken from practitioner sources.
Figure 3: Framework for categorizing visual business model representations based on content
The analysis of the content leads to many insights. First, the majority of visualizations apply an elements view (exclusively or in combination with other views). The group of visualizations that only use the elements view consists -among others -of the well-accepted frameworks (e.g. Osterwalder and Pigneur, 2010 ) that use visual templates to structure business model information (Hedman and Kalling, 2003) .
Moreover, a large sample of visualizations combines the elements view and the causal view, leading, for instance, to a combination of causal-loop diagrams with the specification of particular choices (CasadesusMasanell and Ricart, 2011 Faber et al., 2003; Grasl, 2009; Linder and Cantrell, 2000; Osterwalder, 2004; Weiner and Weisbecker, 2011) . Second, only a few visualizations focus the firm's transactions with its partner organizations. 
Analysis of graphic forms
Graphic forms can be categorized as graphic organizers, brainstorming webs, or conceptual maps (Hyerle, 2009 ). The analysis reveals a strong dominance of graphic organizers in the sample. Graphic organizers provide a visual structure to textual information. In this category, we find tabular representations, which are highly common among academics (Abdelkafi et al., 2013; Goethals, 2009; Hedman and Kalling, 2003; Kamoun, 2008; Osterwalder and Pigneur, 2010; Shi and Manning, 2009) and practitioners (1; 9; 16; 23; 25; 27; 32; 35; 39; 45) . These representations consist of a number of boxed elements arranged in a static order without including other elements such as as arrows or flows. Our sample shows that practitioners have proposed several modifications of the Business Model Canvas by Osterwalder and Pigneur (2010) . Many practitioner visualizations also resemble conceptual maps and use an arrow-based notation, whereby the arrows only reflect some connectedness and do not denote the same kind of relationships between the boxes (7; 11; 13; 17; 20; 22; 40; 41). As such, the arrows are not used consistently. A similar type of visualizations centers around entities in boxes that represent specific activities described by verb-noun combinations.
These visualizations, which resemble workflow diagrams, have been identified only in the practitioner sample (21, 37). Besides, we identify a number of visualizations that apply specific forms of graphic organizers such as pyramids (24), Venn diagrams (10; 44; 48), circular forms (Weiner et al., 2010; 30; 38) , a template that combines circular and tabular representation (Weiner and Weisbecker, 2011) , a template with a triangular form (Gassmann et al., 2014) , a radar diagram to visually compare the strength of different business model elements (George and Bock, 2011) , a flower that represents business model elements as pedals (12), or a puzzle (46). In the academic literature, many visual representations aim at representing the authors' understanding of the business model concept in general (Abdelkafi et al., 2013; Gassmann et al., 2014; George and Bock, 2011; Goethals, 2009; Hedman and Kalling, 2003; Mason and Spring, 2011; Plé et al., 2010; Shi and Manning, 2009; Weiner and Weisbecker, 2011) . Only a few exceptions explicitly develop an artefact for the support of practitioners in business model design and innovation (e.g. Osterwalder, 2014 Osterwalder, , 2004 Osterwalder and Pigneur, 2010) .
The category of brainstorming webs consists of only five visualizations. Four of them have mind mapsimilar forms (Gavrilova et al., 2014; 26; 34; 43) . An additional visualization (29) uses metaphor-a system of gears-to visualize the business model elements and how they complement each other. Note that the academic sample contains a single visualization that belongs to the brainstorming web category. The authors (Gavrilova et al., 2014 ) transformed the business model elements in Osterwalder and Pigneur's canvas to a mind map and claim that this new representation can assist managers during the process of business model innovation through cognitive support in communicating, sharing and manipulating business model knowledge.
The category of conceptual mapping is highly heterogeneous with many visualization types. A first type designates a sequence of actors (represented in boxes) related to each other by means of arrows. This graphic form is equally applied by academics (Chatterjee, 2013; Gordijn and Akkermans, 2001; Grasl, 2009; Horsti, 2007; Kundisch and John, 2011; Poel et al, 2007; Velu and Stiles, 2013; Weill and Vitale, 2001; Wirtz, 2011) and practitioners (3; 6; 7; 15; 18; 28; 31; 36; 47) . The representation by Linder and Cantrell (2000) can be described as a so-called concept map. Concept maps are "graphical tools for organizing and representing knowledge. Concepts, usually enclosed in circles or boxes of some type, and relationships between concepts indicated by a connecting line linking two concepts. Words on the line, referred to as linking words or linking phrases, specify the relationship between the two concepts" (Novak and Cañas, 2008) . Several visualizations (Kiani et al., 2009; Lerch and Selinka, 2010) diagrams. In this notation, stocks represent entities such as money, resources, or inventories that are characterized by a path dependency. As such, they accumulate and/or deplete over time. Flows represent the streams that cause stocks to change. Interestingly, we find no usage of conceptual mapping in the sample of practitioner visualizations. The review of academic research shows that most of the papers that contain visualizations aim at describing (competing) business models (Casadesus-Masanell and Ricart, 2007; Velu and Stiles, 2013) , analyzing the functionality and effectiveness of business models (Groesser and Jovy, 2016; Lerch and Selinka, 2010; Täuscher and Abdelkafi, 2015) or developing a formal notation for BM management (Wirtz, 2011) . In the following, we discuss the implications of our findings for business model innovators and academics. Most practitioner and academic sources use graphic organizers, which are-according to the visualization literature (e.g. Hyerle, 2009 )-specifically supportive to providing structures to information. Structures can guide thoughts and enable one to focus attention within a predefined space. The ability of structuring information is a cognitive skill that is most required during the integration phase of BMI. Because graphic organizers support the structuring of information, they can reduce complexity in learning processes. As such, they can be used at early stages of business model innovation to support the initiation phase. However, graphic organizers are less suited for sparking creative thinking (Hyerle, 2009 ). Therefore, they do not seem to be particularly supportive for the ideation phase. Surprisingly, these artefacts -most prominently the Business Model Canvas -are often applied by practitioners to generate innovative business model ideas ). This contradiction is further supported by research that experimentally compares the effectiveness of the Business Model Canvas in collaborative business model innovation Eppler and Hoffmann, 2012) . In this research, a test group using the Business Model Canvas (BMC) was compared to a test group using tangible artefacts and a control group using a white piece of paper. The results do not support the hypothesis that the BMC increases the ideation performance in terms of perceived creativity or innovation output. In fact, the researchers found that "…the template (…) improves perceived collaboration, [but] decreases perceived creativity" (Eppler et al., , p. 1334 . Nevertheless, we propose that graphic organizers could also support the ideation phase, if the user is highly creative and trained to think 'out-of -the-box'. In addition, recent experimental research argues that the use of graphic organizers such as the BM Canvas in the classroom can "increase students' awareness of and reflection on the importance of business models and/or their building blocks" (Hoveskog et al., 2015, p. 178) . Regarding the type of contents, graphic organizers generally use an elements view (e.g. Abdelkafi et al., 2013) or a combination of elements and causal view (e.g. Plé et al., 2010) . They also seem to be effective tools for describing, integrating, comparing, and classifying business models. Mind map (Gavrilova et al., 2014) Business Model Canvas (Osterwalder and Pigneur, 2010) Brainstorming webs are characterized by open-endedness, hierarchical structuring, flexible granularity, and cross-linking of concepts; hence, they represent effective tools to support the ideation of creative ideas (Hyerle, 2009) . Creativity is associated, among others, with the skills of fluid reasoning (Nusbaum and Silvia, 2011) , divergent thinking (Batey et al., 2009) , and working memory (de Dreu et al., 2012) . Almost all the brainstorming webs in the sample are mind maps. Mind-mapping is a technique for improving creativity, but also for "grappling with massive and complex subjects" (Buzan and Buzan, 2006) . The depiction of a business model as a mind map therefore supports not only the ideation phase, but can also support the initiation phase by absorbing complexity. Through unbounded branching, the business modeler can shift between different levels of reasoning, while freeing working memory. Brainstorming webs convey at most the business model elements, yet modelers can further integrate the causal view by relating the concepts elaborated in the mind map to each other. While the mind-mapping process has been clearly linked to cognitive support during creative tasks, it is not yet researched whether the outcome of using similar methods (the brainstorming web in general) are conducive to business model innovation when they are used as stand-alone artefacts. Summarizing, such methods seem to be supportive to the BMI process, whereas other graphic forms might be better suited for visual knowledge representation.
Discussion and implications
Suitability of identified VBMR in BMI process
Conceptual maps reveal (hidden) relationships between concepts and ideas, while absorbing complexity.
This type of cognitive support is required in the initiation phase (Table 1) . Through the rigorous representation of causal dependencies, conceptual maps uncover the inconsistencies in the current business model and can graphically reveal the potential for a change in its core logic (Massa and Tucci, 2014) .
Furthermore, conceptual maps that represent the entire causal or transactional relationships can guide and structure thinking in the integration phase. In the sample, we identify several representations that rely on conceptual modelling and represent the business model in a way that is specific to the purpose of analysis (Gordijn and Akkermans, 2001; Grasl, 2009; Groesser and Jovy, 2016; Kley et al., 2011; Kundisch and John, 2011; Weiner et al., 2010) or in a way that aims to achieve integration in the design process (Abdelkafi and Täuscher, 2014; Casadesus-Masanell and Ricart, 2011; Schallmo and Brecht, 2010) . In particular, when such representations are used for integrative purposes, researchers tend to combine a causal view with an elements view. The fact that these types of structured visualizations have not been identified in the practitioner sample can either be due to our methodology, since companies might be reluctant to publish them online, or to a lack of usage of formal notations among practitioners. While some of the formally developed conceptual mapping approaches have been empirically evaluated by their developers (Gordijn and Akkermans, 2001; Grasl, 2009; Kundisch and John, 2011) , empirical knowledge on whether conceptual maps can support specific cognitive processes better than other visual representations has still to be produced.
Our research has focused on the existing visual representations of business models. In spite of their large variety and heterogeneity, there are further visual options to be considered. Lengler and Eppler (2007) have conducted extensive research that aims to identify and categorize the visualization methods applied in different management fields. They find around 100 visual methods that they classify by using a structure that is similar to the periodic table of chemical elements. Actually, we can see that only a small portion of these graphic forms has been applied to business models. To select a novel form for the visual representation of a BM, researchers and practitioners can get inspirations from such comprehensive repositories. For instance, the periodic table provides many visual methods such as concept skeleton, visual metaphors, twoby-two 'magic quadrants' or radar charts that could support convergent thinking.
It is important to emphasize that the application of the selected visual tools presume an alignment of these tools with the firm's current innovation and cognitive challenges. Visual tools for business models are obviously useful for firms that are conscious of the importance of changing their organizations to accommodate new business models. Not all types of firms are, however, equally incentivized to ideate highly innovative business models. The potential rewards for developing an innovative business model depends on a number of contextual factors such as the firm's strategy, its organizational characteristics and capabilities as well as its market environment (Teece, 2010) . There are strategic and organizational challenges that may keep firms from business model innovation. With respect to cognitive challenges, business model research starts to provide a better understanding about the cognitive processes that are active in different phases of BMI. Recent research has shown that managerial teams can consciously generate ideas for new business models by making use of two cognitive processes: analogical reasoning and conceptual combination (Martins, Rindova, & Greenbaum, 2015) . Both processes have in common that innovators convert an external stimulus from a different context (e.g. a business model from another industry) into a creative idea for their context. While analogical reasoning focuses on recognizing relations between objects (i.e. the business model elements) and adapting these relations, conceptual combination focuses on differences in attributes between the stimulus and the own design problem to adapt individual attributes (Martins et al., 2015) . This leads to a process for ideating new business models that center around the representation of the source business model (the stimulus) and the structured comparison of attributes (business model elements) as well as their relations with the firm's business model. This theoretical proposition has important implications for the choice of appropriate visual tools. To find out the differences in the relations between elements (for analogical reasoning), the usage of conceptual maps is most supportive (Hyerle, 2009) . The differences at the elements level (for conceptual combination) are best identified by using graphic organizers as complementary tools (Hyerle, 2009) . Morphological boxes can be used in this regard to differentiate between elements of the business model (Im and Cho, 2013; Kley et al., 2011) .
Visual representations are rarely applied as a stand-alone tool. Although the visual representations reviewed in this work are taken in isolation, we acknowledge the importance of combining them with complementary tools. Scholars have proposed methods and artefacts to purposefully support the ideation of novel business models. These methods include, among others, the description of successful BMIs and the development of taxonomies or design patterns. Eurich et al. (2014) review the strengths and weaknesses of these approaches and propose a structured process that is combined with visual methods. For instance, the identification of business model patterns to stimulate analogical reasoning has gained increasing adoption in business model ideation methods (Abdelkafi et al., 2013; Amshoff et al., 2015; Gassmann et al., 2014; Mikusz et al., 2015) .
In addition, Osterwalder and Pigneur (2010) describe many tools from design thinking to design and innovate business models. Examples for such tools are empathy maps, customer journeys, brainstorming with post-it notes, prototyping, storytelling and scenario development. Recent research rooted in design thinking has suggested the use of games for the generation of novel business model ideas (Gudiksen, 2015) .
Gudikson (2015) also provides a comprehensive illustration of how three different forms of serious gaming can be applied as a form of experimentation in BMI. These different forms of design support, however, all center or at least build upon forms of visual representations. In conclusion, these studies point to the potential of combining visual representations with established design (thinking) methods in a systematic, principlecentered way toward the design of innovative business models.
Contribution to business model research
This work contributes to business model research in many ways. First, it provides a classification of competing business model understandings, which can be seen as a response to the criticism that BM literature does not move forward towards a common understanding of the BM concept (Arend, 2013) . Some scholars propose that, instead of converging towards one definition, the academic discussion should clearly emphasize the differences between a limited number of streams (Zott and Amit, 2013) . While the distinction between BMs as something real or as purely cognitive representations can provide important structure to the academic BM literature, it is not necessarily conducive to advancing the effective design of supporting artefacts for BMI in practice. This paper rather makes an important contribution towards the identification of different business model understandings from a practice-oriented perspective by analyzing the contents and graphic forms of business model visualizations, rather than focusing on competing theoretical perspectives. The distinction between the elements view, the transactional view, and the causal view can drive the focus of discussions from the detection of competing theoretical underpinnings towards differences in the actual use of the business model concept. Scholars can use the framework to clarify whether they define a business model as a set of key elements, a system of transactions between the business and its stakeholders, or a system of key choices and consequences and their causal interdependencies.
Second, this research contributes to design-oriented BM research by advancing the understanding of how visual artefacts are currently used outside academia. The novel sampling approach of VBMRs can generate important stimuli for designing effective BM artefacts. The initial sample of 1000 images revealed the Business Model Canvas by Osterwalder and Pigneur (2010) as the most popular visual representation of business models. Innovation literature has recently started to explore how standards can become an important enabler and driver of innovation (e.g. (Amit and Zott, 2015; Martins et al., 2015) . As in the case of the business model canvas, which has originated from Osterwalder (2004)'s work on business model ontology, a quite complex academic concept that may not appeal to practitioners, other visual representations from the academic realm may benefit from intelligent simplification and standardization.
For instance, previous work has shown the potential of causal representations for sparking new BM ideas through the identification of entire design patterns that are not intuitively visible (Abdelkafi and Täuscher, 2014; Casadesus-Masanell and Ricart, 2011; Eurich et al., 2014; Täuscher and Abdelkafi, 2015) .
Nevertheless, these representations are rarely used in practice. Thus, a more standardized and practitionerfriendly approach to using CLDs for the analysis of business models could better diffuse the tool in practical settings and contribute to the design of effective artefacts for BMI. Future practitioner-oriented research could focus on how to distill such causal representations to their essence, while experimentally identifying the optimal level of complexity to be conveyed for the transfer of knowledge.
Third, the research contributes to the cognitive perspective on business models. By drawing on visualization literature and cognitive psychology, we identify key cognitive abilities that enable managers to overcome the barriers during the process of business model innovation. Based on this, we propose the visual tools that effectively support cognition at each of the BMI-related tasks (Initiation, Ideation, and Integration). Though the cognitive perspective on business models focuses primarily on managerial cognition processes, our research shifts attention to artefacts that support the cognitive abilities of managers. Further research could study how managerial cognition influences the choice of visual artefacts, and whether, in turn, the artefact choices have a direct impact on managerial cognition and BMI-related decisions. scholars as well as managers can actually combine them to generate more integrated views on business models. As a consequence, our research advances the academic discussion on business models by synthesizing the variety of interpretations into three distinctive, yet complementary views.
Our work opens directions for future research in other design-oriented research areas. Most importantly, it has the potential to contribute to the stream of design science research that develops software tools for BMI (e.g. Ebel et al., 2016; Giessmann and Legner, 2016; Peters et al., 2015) . A recent review of the information systems (IS) literature suggests that software tools for BMI should be strongly grounded in the cognitive fit theory in order to align these artefacts with actual cognitive processes (Veit et al., 2014) . Hence, our findings can support the design of effective software tools by encouraging scholars in the area of information systems to combine multiple forms of visualization and provide guidelines on their effective usage for different BMI tasks.
The research is not without limitations. As acknowledged above, there is a potential bias in the search strategy based on the Google image search. Companies might have adopted more formal notations to represent business models internally, but might choose to not share these visualizations publicly. In addition, the chosen methodology has focused on visual representations in an isolated form. While this has allowed identifying novel patterns of representing business models, it does not provide reliable information on how they applied in managerial practice. Further research could use ethnographic methods to study the usage of visual methods directly in corporate settings to identify the usage of visual tools. Finally, our methodology for analyzing the VBMRs relied on information about the purpose of the representation as provided by the respective authors. Since many sources did not clearly state the purpose of the developed visual representation, the assignment is to a certain degree based on our interpretation of the authors' intentions.
Consequently, our research can be considered a call for a more effective artefact design that defines the addressed BMI phase and cognitive barriers, while leveraging the existing knowledge from cognition research.
